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MEMORANDUM FOR FILE 

INTRODUCTION 

I n  t h e  course  of t h e  p a s t  decade,  and more, many 
p a r t i c u l a r  means of  explor ing  t h e  moon have been p o s t u l a t e d  
and examined i n  a d d i t i o n  t o  t h e  mode used f o r  Apollo. V a r -  
i a b l e s  such as earth o r b i t  rendezvous,  l u n a r  o r b i t  rendezvous,  
l u n a r  s u r f a c e  base ,  c i s l u n a r  s h u t t l e  and many o t h e r s  produce 
a p r o l i f e r a t i o n  of p o s s i b i l i t i e s .  The a n a l y s i s  p re sen ted  here 
i s  in tended  t o  s y s t e m a t i c a l l y  develop a l l  t h e  p o s s i b l e  modes 
by simply cons ide r ing  t h e  combinations of a l l  t h e  v a r i a b l e s ,  
and t h e  s t a t e  each v a r i a b l e  may be  i n .  T h i s  a n a l y s i s  i s  followed 
by a s p e c u l a t i v e  cons ide ra t ion  of t h e  impact of c u r r e n t  s t u d i e s .  

D I S C U S S I O N  

The Apollo mission p r o f i l e  s e r v e s  w e l l  t o  e s t a b l i s h  
t h e  c h a r a c t e r  of t h i s  a n a l y s i s .  The v e h i c l e  d e p a r t s  t h e  e a r t h  
s u r f a c e  ( E S ) ,  r e s i d e s  b r i e f l y  i n  e a r t h  o r b i t  (EO) f o r  t a r g e t i n g  
purposes ,  t r a n s f e r s  t o  lunar o r b i t  (LO)  f o r  t a r g e t i n g  purposes ,  
a p o r t i o n  s e p a r a t e s  and descends t o  t h e  l u n a r  s u r f a c e  (LS) and 
then  r e t u r n s  t o  LO f o r  rendezvous wi th  t h e  p o r t i o n  remaining i n  
LO, and f i n a l l y  t h e  system r e t u r n s  d i r e c t l y  t o  ES. Th i s  can b e  
schemat i ca l ly  w r i t t e n  as, 

E S  + EO + LO -f LS -+ LO + ES . 
I n  t h i s  case t h e  v e h i c l e  does n o t  rendezvous wi th  any p r e v i o u s l y  
e s t a b l i s h e d  v e h i c l e s  a t  any l o c a t i o n  (EO,  LO,  o r  LS).  I t  i s  a 
completely s e l f  conta ined  mission. However, t h e  rendezvous of 
t h e  CSM and LM i n  LO does impose a c o n s t r a i n t  which i s  n o t  made 
e v i d e n t  by t h e  schematic  r e p r e s e n t a t i o n .  

Consider  now t h e  system developed i n  t h e  i n t e g r a t e d  
p l an .  I n  t h i s  case men, equipment and p r o p e l l a n t s  w e r e  d e l i v e r e d  
t o  t h e  n u c l e a r  c i s l u n a r  s h u t t l e  (CLS) i n  EO by t h e  space  s h u t t l e .  
I t  w a s  i m p l i c i t l y  assumed t h a t  t h e  CLS w a s  l o i t e r i n g  i n  t h e  
v i c i n i t y  of a space  s t a t i o n  and p r o p e l l a n t  s t o r a g e  f a c i l i t y .  
T h e  men, equipment and some p r o p e l l a n t s  w e r e  t r a n s f e r r e d  by t h e  
CLS t o  a permanent l u n a r  o r b i t  s t a t i o n .  Subsequent ly  t h e  men 
descended t o  t h e  LS,  ei ther t o  a f i x e d  l u n a r  s u r f a c e  b a s e ,  o r  
t o  a p a r t i c u l a r  s i t e  f o r  a b r i e f  e x p l o r a t i o n  mission.  T h e  se- 
quence w a s  simply reversed  t o  r e t u r n  t o  ES. This  p r o c e s s  i s  
s c h e m a t i c a l l y  shown a s ,  
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ES -+ EO -t LO + LS -+ LO -+ EO -f ES 

This  appears  q u i t e  s i m i l a r  t o  t h e  Apollo p r o f i l e  b u t  t h e r e  are 
profound d i s t i n c t i o n s  i n  t h e  o p e r a t i o n s  due t o  t h e  p a r t i c u l a r  
EO and LO r e q u i r e d  by t h e  permanent o r b i t i n g  f a c i l i t i e s  and t h e  
choice  of l and ing  s i t e s  on t h e  moon, e i t h e r  t h e  f i x e d  base  or  
some o t h e r  s i t e  t h a t  i s  unconstrained i n  l a t i t u d e  and long i tude .  
Because of t h e s e  p r o p e r t i e s  t h e  sequence should  be  r e w r i t t e n  as: 

ES(p) -+ EO(p) -+ LO(p) -f L S ( t , p )  -+ LO(p) + EO(p) -+ ES(P) 

With t h e s e  examples as background w e  can move on t o  a more 
r igo rous  approach. 

D E F I N I T I O N S  

There are s i x  l o c a t i o n s  i n  t h e  c i s l u n a r  system t h a t  a r e  
be l i eved  impor t an t  t o  e s t a b l i s h i n g  t h i s  a n a l y s i s .  These l o c a t i o n s  
a r e  E S ,  EO, LO, L S ,  HEO* and HLO*. The l a s t  two are h igh  energy 
i n t e r m e d i a t e  o r b i t s  t h a t  m i g h t  be used i n  a s t a g e d  r e u s a b l e  t r a n s -  
p o r t a t i o n  system. For example HE0 might b e  a h igh ly  e l l i p t i c a l  
o r b i t  about  t h e  e a r t h .  These t e r m s  a r e  d e f i n e d  a s  fo l lows:  

ES  - 

EO - 

HE0 - 

LO - 

HLO - 

LS - 

Ear th  s u r f a c e ,  g e n e r a l l y  taken  as KSC, t h e  
f i x e d  launch s i te .  

E a r t h  o r b i t ,  i m p l i c i t l y  t aken  as a low a l t i t u d e  
e a r t h  o r b i t ,  about 1 0 0  t o  300 n.m. 

E a r t h  o r b i t ,  bu t  de f ined  as be ing  h igh  energy 
such as geosynchronous o r  a t w o  day e l l i p t i c a l  
o r b i t  w i th  a 200 n.m. p e r i g e e .  

Lunar o r b i t ,  i m p l i c i t l y  taken  as a low a l t i t u d e  
l u n a r  o r b i t ,  approximately 1 0 0  n.m. c i r c u l a r .  

Lunar o r b i t ,  bu t  de f ined  as be ing  h igh  energy 
such as might be used i n  con junc t ion  wi th  HEO. 

Any p o i n t  on t h e  l u n a r  s u r f a c e .  

*HE0 = 
*HLO = 

high  e a r t h  o r b i t .  
h igh  l u n a r  o r b i t .  
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Any of these s i x  l o c a t i o n s  can be i n  one of f o u r  s t a t e s ;  

1. 

2 .  

3 .  

4 .  

ANALYSIS 

n o t  p a r t  o f  t h e  miss ion ,  s i g n i f i e d  by 0 .  

A temporary or t r a n s i e n t  p a r t  of t h e  mission 
t h a t  does n o t  r e s u l t  i n  a rendezvous c o n s t r a i n t ,  
b u t  does impose t r a j e c t o r y  c o n s t r a i n t s ,  s i g n i f i e d  
by e. 

A temporary or t r a n s i e n t  and self conta ined  p a r t  of 
t h e  miss ion  t h a t  r e s u l t s  i n  t r a j e c t o r y  and rendez- 
vous c o n s t r a i n t s ,  as does LOR i n  t h e  Apollo miss ion  
p r o f i l e ,  s i g n i f i e d  by t. 

A permanent s t a t e  as  r ep resen ted  by a space  s t a t i o n ,  
p r o p e l l a n t  f a c i l i t y ,  s u r f a c e  base o r  other  device  
t h a t  p l a c e s  a s t r i c t  c o n s t r a i n t  on the f l i g h t  pro- 
f i l e s  of a l l  miss ions ,  s i g n i f i e d  by p. 

I f  w e  now w r i t e  the g e n e r a l  schematic equa t ion  for  
t h i s  system it appears  as; 

A few examples w i l l  h e l p  t o  c l a r i f y  t h i s .  The Apollo 
miss ion  is  w r i t t e n  a s ,  

ES(p) -+ E O ( e )  + L O ( t )  -+ L S ( t )  -+ L O ( t )  -+ E S ( t ) .  

A d i r e c t  miss ion  w i t h  a pause i n  l u n a r  o r b i t  on t h e  outbound l e g  
t o  p e n n i t  wider  s i t e  s e l e c t i o n  might appear  as, 

ES  ( p )  + LO(e)  -+ LS ( t)  -+ ES (t) . 
The g e n e r a l  equat ion  p rov ides  t h e  means for  enumerating 

a l l  of  t h e  p o s s i b l e  miss ion  modes. Before  doing  t h a t  t h e r e  are 
a few s imple  r u l e s  t h a t  must apply and t h a t  reduce t h e  number of  
p o s s i b i l i t i e s .  
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0 

1. A l l  modes must begin w i t h  E S ( p ) .  That  means t h a t  
a f i x e d  launch s i t e  i s  be ing  cons idered .  

J J X J 

2 .  A l l  modes must end wi th  either ES(p) o r  E S ( t )  . 
That  i s  w e  may demand r e t u r n  t o  a f i x e d  p o i n t ,  
t h e  p s ta te ,  or a r e s t r a i n e d  set of s i tes ,  t h e  
t s ta te ,  as i n  Apollo. 

e 

3 .  Since  w e  are i n t e r e s t e d  i n  s u r f a c e  miss ions  LS 
must appear  i n  a l l  modes, t hus  t h e  o s t a t e  i s  n o t  
permi t ted .  Furthermore t h e  e s ta te  i s  meaningless 
s i n c e  the  purpose of t h e  miss ions  i s  l u n a r  explora-  
t i o n  and thus  t h e  landing  s i te  i s  fundamentally con- 
s t r a i n i n g .  Therefore  LS may e x i s t  i n  t h e  t o r  p 
states only.  I t  should be noted  t h a t  a system 
capable  of L S ( t )  , where t r e p r e s e n t s  any l o g i t u d e  
and l a t i t u d e ,  w i l l  i nc lude  LS(p) s i n c e  access t o  
any f i x e d  p o i n t  w i l l  always be p o s s i b l e .  

J J X J 

4 .  There a r e  s p e c i a l  c o n s t r a i n t s  on t h e  states t h a t  
LO may assume as i t  appears  on both sides of LS.  
These are as follows: 

Outbound LO S t a t e s  

I o  e t P 

Inbound ' 
LO - 

S t a t e s  t l x l x l J l x  

J = allowed 

x = n o t  allowed 

The t s t a t e  i s  the only  c o n s t r a i n i n g  s ta te .  That 
arises because the t s t a t e  r e q u i r e s  rendezvous,  on 
t h e  inbound l e g ,  w i t h  a vehicle l e f t  i n  o r b i t  on t h e  
outbound l eg .  Thus i t  i s  i n h e r e n t l y  incompat ib le  
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w i t h  any other s ta te .  The o t h e r  states 0, e & p 
can concievably m i x  w i t h  each o t h e r  on inbound and 
outbound l e g s .  

5 .  T h e  m a t r i x  g i v i n g  t h e  c o n s t r a i n t s  on inbound and out -  
bound LO s ta tes  a p p l i e s  e q u a l l y  t o  the  p a i r s  of i n -  
bound and outbound EO, HEO, and HLO states.  

6.  The only  c o n s t r a i n t  concerning the  s ta tes  of 
a d j a c e n t  p o s i t i o n s  is t h a t ,  fo r  r e t u r n ,  ES must 
be i n  t h e  p s ta te  i f  t h e  r e t u r n  s t a t e  of EO i s  e ,  
t or  p s i n c e  one would  on ly  s t o p  i n  EO on t h e  r e t u r n  
t o  achieve l and ing  a t  a f i x e d  s i te .  Conversely ES 
w i l l  be  i n  t h e  t s t a t e  i f  EO i s  i n  t h e  o s ta te  on 
r e t u r n .  

The g e n e r a l  equat ion  now appears  as; 

HLO +. HE0 +. EO -t E S ( t  o r  p)  , 
and no te s  4 ,  5 and 6 apply .  

This  equa t ion  permits  2 0 , 0 0 0  p o s s i b l e  miss ion  modes 
and a t  t h i s  p o i n t  w e  have n o t  y e t  even cons ide red  the a l t e r n a t i v e  
mechanizat ion i s s u e s  such  as chemical vs. n u c l e a r  p ropu l s ion  
or  ae robrak ing  on r e t u r n  t o  e a r t h  o rb i t .  

COMMENTS 

Obviously one does n o t  deal w i t h  20 ,000  a l t e r n a t i v e s .  
There are s t u d i e s  i n  course  which w i l l  d imin i sh  t h e  number of 
cases, as w i l l  c e r t a i n  pragmatic c o n s t r a i n t s .  T h e  fo l lowing  
n o t e s  are i n d i c a t i v e  of t h e  expected impact of c u r r e n t  a c t i v i t i e s .  

The use  of a l u n a r  o r b i t  s t a t i o n  appea r s  l i k e l y  f o r  
a mix tu re  of r easons ,  should t h i s  be the case t h e n  LO(p) i s  the 
only  s t a t e  f o r  l u n a r  o r b i t .  On t h e  o t h e r  hand a t t rac t ive  mis s ions  
can be c o n s t r u c t e d  u s i n g  LOR b u t  n o t  r e q u i r i n g  a l u n a r  o r b i t  
s t a t i o n .  These missions are r ep resen ted  by L O ( t ) .  There does 
n o t  appea r ,  a t  t h i s  t i m e ,  t o  be  any a t t r a c t i v e  miss ions  u s i n g  
L O ( o , e ) .  Then w e  may s p e c u l a t e  t h a t  LO w i l l  o n l y  assume the t 
and p states ,  which reduces the  number of p e r m i s s i b l e  inbound 
t o  outbound LO cases from t e n  t o  two .  (See n o t e  4 ,  page 4 )  

The space  s h u t t l e  demands t h e  use  of EO as an assembly 
o r b i t ,  b u t  o p e r a t i o n s  ana lyses  p o i n t  t o  mixed advantages asso- 
c i a t e d  w i t h  t h e  EO(p) s ta te .  On t h e  o t h e r  hand rendezvous i s  



BELLCOMM. INC. - 6 -  

r e q u i r e d  s i n c e  numerous space s h u t t l e  f l i g h t s  are necessary  t o  
mount a s i n g l e  l u n a r  mission.  Then E O ( t )  i s  t h e  probable  s t a t e  
b u t  EO(p) cannot  be e l imina ted .  Other  s t u d i e s ,  n o t  premised on 
t h e  c u r r e n t  space s h u t t l e  concept ,  as proposed by Orrok (Refer-  
ence 1) , r e q u i r e  t h e  use of t h e  E O ( e )  s t a t e ,  and may r e q u i r e  
E O ( t )  . A t  t h i s  t i m e  t h e r e  are no known s t u d i e s  showing t h e  
EO(o) s t a t e  t o  be a t t r a c t i v e ,  a l though i t  may w e l l  be.  Then t h e  
fo l lowing  EO s ta tes  appear  probable ;  EO (e ,  t ,p )  . 

U s e  o f  t h e  H E 0  and/or HLO modes leads t o  o p e r a t i o n a l  
e f f i c i e n c i e s  b u t  may r e q u i r e  the  development of a d d i t i o n a l  
v e h i c l e s .  This  s i t u a t i o n  appears  u n l i k e l y  though p o s s i b l e .  
One s tudy  by Lockheed proposes t h e  use of Z S  + EO -+ HE0 -+ LS etc.  
Another s tudy  by Ehricke (Reference 2 )  proposes permanent 
s t a t i o n s  a t  EO,  H E 0  and LO,  as p a r t  of t h e  t r a n s p o r t a t i o n  n e t .  
Then i t  i s  probable  t h a t  HLO w i l l  n o t  be used ( i . e . ,  HLO(o)) and 
f u r t h e r  t h a t  if HEO(o) on t h e  outbound l e g  then  HEO(o) on t h e  
inbound l eg .  Then, a l though HE0 may t a k e  on any of  t h e  f o u r  
s t a t e  va lues  ( o , e , t , p ) ,  t h e r e  are only  s i x  sets of accep tab le  
inbound and outbound H E 0  values  as opposed t o  t h e  t e n  shown i n  
t h e  t a b l e  on Page 4 .  

F i n a l l y ,  t h e  r e t u r n  t o  e a r t h  must be t o  ES (p )  , s i n c e  
t h e  s ta te  of  EO w i l l  be e i t h e r  e ,  t ,  o r  p ,  b u t  n o t  0 .  

Should a l l  t h e s e  s p e c u l a t i o n s  mater ia l ize  t h e  mission 
mode equa t ion  f i n a l l y  appears  as ;  

I t  t u r n s  o u t  t h a t  t h i s  equa t ion ,  when cons t r a ined  as 
d i s c u s s e d  above, r e p r e s e n t s  1 2 0  miss ion  modes. That  c e r t a i n l y  
r e p r e s e n t s  an improvement of  2 0 , 0 0 0 ,  b u t  it i s  s t i l l  t o o  h igh .  
The EO p a i r s  r e p r e s e n t  5 choices  and t h e  HE0 p a i r s  6 cho ices .  
Then f u t u r e  a n a l y s i s  should be concen t r a t ed  on t h e  r educ t ion  
of EO and HE0 s t a t e  va lues .  

Fu r the r  s p e c u l a t i o n  based on e a r l y  a n a l y t i c a l  r e s u l t s ,  
i n d i c a t e s  t h a t  EO w i l l  always be i n  t h e  e or t s ta tes ,  HE0 i n  
t h e  o s t a t e ,  LO i n  t h e  t o r  p s t a t e s  and LS i n  t h e  t s t a t e ,  
t h i s  l a t te r  inc lud ing  p s ta te  c a p a b i l i t y .  I f  t h e s e  s p e c u l a t i o n s  
m a t e r i a l i z e  t hen  t h e r e  are only f o u r  impor tan t  mission modes 
t o  examine. These fou r  are l i s t e d  on t h e  

1 0  12-CLD-ulg 
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ATTACHMENT 

Eaua t ion  

E S ( p )  + E O ( e , t )  + H E O ( 0 )  + H L O ( 0 )  -+ L O ( t , p )  

+ LS(t) + L O ( t , p )  -+ HLO(0) + H E O ( 0 )  

-+ E O ( e , t )  -+ E S ( p ) .  

(0 s t a t e  terms dropped f r o m  t h e  e q u a t i o n s . )  

Mode I 

E S ( p )  + E O ( e )  + L O ( t - 1  + L S ( t )  

-+ L O ( t )  + E O ( e )  + E S ( p )  

Mode I1 

E S ( p )  -+ E O ( t )  + L O ( t )  + LS(t) 

+ L O ( t )  -t E O ( t )  + ES(p)  

Mode I11 

Mode I V  
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